
Techniques in Regional Anesthesia and Pain Management (2011) 15, 33-38
Medial branch blocks and facet joint injections as
predictors of successful radiofrequency ablation
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Zygapophyseal (z) joints (or facet joints) are a potential source of pain in nearly 15-45% of patients
suffering from chronic spinal pain. There are no clinical features or imaging techniques pathognomonic
for z-joint pain. Blockade of the medial branch of the spinal nerve primary posterior ramus, using
fluoroscopic guidance to ensure positioning of the needle tip and low volumes of local anesthetic, are
accepted methods for diagnosing z-joint pain. This is based on the assumption that anesthetizing either
the facet joint capsule containing the nerve endings or the main branch innervating it would result in
complete or significant pain relief. A positive result presumably means that the z-joint is the anatomical
structure where pain originates from. These techniques inherently carry high false-positive rates. The
current practice of 2 consecutive positive blocks reduces the false-positive rate. However, the criterion
of 2 positive blocks results in an increase of the false-negative rate, which could result in withholding
radiofrequency ablation of medial branch. Despite limitations of medial branch blockade, these
interventions are crucial in guiding decision on performing treatment modalities such as radiofrequency
ablation of the medial branch blocks for chronic spinal pain. Diagnostic facet joint and medial branch
blocks are safe, valid, and relatively reliable. There is strong evidence that controlled diagnostic blocks
distinguish painful from painless facet joints in the diagnostic workup of chronic spinal pain. Stan-
dardization and scientific validation of (controlled) diagnostic medical branch blocks are highly needed
to identify its real value in clinical practice.
© 2011 Elsevier Inc. All rights reserved.

KEYWORDS:
Facet joint pain;
Radiofrequency
ablation of MBB;
Chronic back pain;
Chronic neck pain;
Medial branch block
t
n
c
b
e
P
d
t

Zygapophyseal joints (z-joints) are a common cause of
chronic spinal pain. It is accepted that the lumbar z-joints
are a potential source of low back and referred leg pain.1-3

According to the International Association for the Study of
Pain, facet joints are the source of chronic low back pain in
15% to 45% of patients.4 Review of current literature pro-
vides prevalence estimates for lumbar, thoracic, and cervi-
cal facet joint pain. Various studies suggest facet joints as a
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source of chronic spinal pain in 15% to 45% of patients with
chronic low back pain,5,6 34% to 48% of patients with
horacic pain,4,7 and 36% to 67% of patients with chronic
eck pain.3,8 These figures were based on responses to
ontrolled diagnostic facet injection and medial branch
locks (MBB) performed in accordance with the criteria
stablished by the International Association for the Study of
ain. As a clinical entity, facet syndrome remains poorly
efined. Hence, the extent and significance of its contribu-
ion to spinal pain remain a subject of ongoing debate.9-11

Since neither clinical algorithms nor imaging techniques
have been shown to be specific in the diagnosis of axial

spinal pain,1,3,12,13 diagnostic medial nerve blocks have
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been employed to isolate the pain generator.14-24 While the
technique is not standardized, it is widely accepted that the
only method for definite diagnosis of z-joint as the pain
generator is either through facet joint intra-articular injec-
tion or block of the medial branch (MB) and L5 primary
dorsal ramus block.25-28

Zygapophyseal joint anatomy and innervation

Chronic spinal pain is difficult to treat since identifying the
pain source could be challenging. Multiple anatomical
structures in the spine including muscle, ligament, joints,
disk, and nerve roots are identifiable sources of spine pain.
Kuslich et al performed a pain-provocation study29 in awake
atients undergoing decompressive lumbar spine surgery
or disk herniation and/or spinal stenosis under progressive
ocal anesthesia using 1% lidocaine. He found out that disk
nd nerve roots were the main sources of pain; however,
4% of patients had enhanced sensation when the facet
apsule was stimulated and 20% had significant pain.29

The z-joint is a synovial joint composed of a superior and
an inferior articular process and a surrounding capsule de-
fining a 1-1.5 mL space filled with synovial fluid. Facet joint
capsule and the surrounding structures are richly innervated
by nociceptors that fire when the capsule is stretched or
subjected to compressive forces.30,31 Using electrophysiol-
ogy methods, Yamashita et al identified the mechanosensi-
tive afferent units in the inferio-medial aspect of the facet
joint capsule in rabbit joints.32 Similar findings in humans

here free nerve endings were detected in the mediolateral
nd inferior part of the capsule suggest that pinching of the
erves can result from spinal extension causing pain sensa-
ion.33-35 The afferent supply of the facet joint is derived
rom the MB of posterior primary ramus.36-39 Facet joints
re innervated by medical branches arising from posterior
rimary rami at both the same level and the level above the
-joint. Exception to this anatomy is the L5-S1 joint, which
s innervated by the dorsal ramus itself running at the
unction of the sacral ala and superior articular process.36,40

In a dissection study, Bogduk et al described in detail the
path of medial branches in the lower back.26 He reiterated
that the spinal nerve emerges from intervertebral foramen
and enters the posterior compartment of the back by cours-
ing around the neck of the superior articular process below
the foramen. Sliding at the neck of the superior articular
process, the MB passes caudally to disappear under the
mamillo-accessory ligament.41 At the L5 level, L5 dorsal
ramus is much longer and runs along the groove formed
between the ala of the sacrum and the root of the S1 superior
articular process.26

The mamillo-accessory ligament courses between the
mamillary and accessory processes of each lumbar vertebra.
These ligaments create a tunnel in the proximal course of
the MB in relation to the neighboring osseous structures.41
This predictability allows reliable reproduction of ap- o
proaches of denervating these nerves. This fixed and close
relationship, however, can lead to pathologic states because
of ossification and potential entrapment. Beneath the liga-
ment, the nerve hooks medially around the caudal aspect of
the root of the superior articular process to enter the mul-
tifidus muscle.39,42,43 Other branches run caudally and lat-
erally across the transverse process into the longissimus and
iliocostalis muscles, respectively.

Pathophysiology and diagnosis of z-joint pain

Based on the biomechanics of the vertebral column, the
spinal functional unit comprises superior and inferior facet
joints with the intervertebral disk. In most cases the cause of
lumbar facet joint pain is not known. Facet joint osteoar-
thritis is common; however, it is rare to find other definite
recognizable pathology affecting the z-joints such as sys-
temic inflammatory arthropathy, facet joint fracture, or in-
fection. It has been demonstrated that facet joint degenera-
tion almost invariably follows disk degeneration at the same
level. However, Schwarzer et al evaluated patients by pro-
vocative discography and facet joint blocks and concluded
that it was rare to suffer symptomatic disk degeneration in
combination with symptomatic facet joints.1 The hypertro-
hic changes of the z-joints secondary to injury or inflam-
atory changes and disk degeneration may lead to lumbar

pinal nerve irritation and may cause low back pain. Low
ack pain can present with buttock pain, radicular-type pain,
r pain in the posterior thigh or inguinal region. It is com-
on to find paravertebral tenderness corresponding to z-

oints, and aggravation of pain from maneuvers that maxi-
ally irritate the joints. Such maneuvers or transitional
ovements (eg, getting up or standing from sitting posi-

ions) were characterized as “facet syndrome.”9,10,44,45

The diagnosis of z-joint pain is made clinically and by
excluding other origins of low back pain. Although one
study reported a collection of symptoms and signs that
increased the probability of a patient having z-joint pain, this
has been refuted recently. Common imaging techniques such
as plain radiographs, magnetic resonance imaging, computed
tomography, and bone single photon emission computed to-
mography cannot discern which patients have z-joint pain
either.46-48 All imaging techniques have low sensitivity for
acet joint pain and as such are not clinically useful as a
creening tool.49-51 The most useful test for confirmatory di-

agnosis is diagnostic facet injection or blockade of the inner-
vating nerves (MB of the posterior primary ramus).

Medial branch block

It is generally accepted in clinical practice that diagnostic
MBB are the most reliable means for diagnosing z-joints as
a pain source.20,52,53 Local anesthetic injected accurately

nto the correct target points selectively infiltrates the target
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nerve and does not anesthetize adjacent structures that
might be an alternative source of pain. MBB and facet
intra-articular injections have been validated as a diagnostic
technique. Various systematic reviews have asserted that
there is evidence to suggest that intra-articular injections
and MBB are equally effective in diagnosing z-joint
pain.20,52,53

The purpose of a diagnostic block is to identify unequiv-
ocally the source of pain. Many studies have shown that it
is clinically difficult to diagnose lumbar z-joint pain without
the use of controlled diagnostic blocks. Although controlled
diagnostic blocks remain the best way of diagnosing z-joint
pain, they are not infallible and care must be taken to assure
a correct diagnosis. Various practices with significant dif-
ferences in sensitivity and specificity have been described.
The following algorithms have been described:

a. Double-blind (or single-blind) placebo-controlled injec-
tions. This is the best technique to sort out the false-
positive responder and maximize the positive-predictive
value. Performing double-blind injections actually would
be ideal to identify the true facet joint pain. However,
ethical impediments of performing diagnostic placebo
injections precluded this technique from being viable.

b. Comparative local anesthetic techniques rely on the pa-
tient having a longer duration of pain relief with bupiv-
acaine than with lidocaine and require at least 2 separate
injections for confirmation. This increases specificity
greatly, but excludes nearly one third of patients with true
z-joint pain who exhibit a “discordant response,” that is,
a longer duration of relief with lidocaine than bupiva-
caine.

c. Consecutive local anesthetic injections. This is the pre-
vailing technique. Two consecutive positive responses to
lidocaine would confirm the diagnosis of z-joint pain.

Ideally a positive response would be considered a com-
plete pain relief (100%) post injection. However, significant
pain relief (80%) has been accepted as the more stringent
criterion. There could be concomitant degenerative changes,
muscle- or ligament-associated nociception that can escape
the MB innervation field or intra-articular injection resulting
in incomplete pain relief.

In light of establishing a long term treatment strategy and
in particular for predicting a higher success rate of radio-
frequency ablation (RFA) of MBs, the following parameters
are still under review for validation:

1. Clinically significant pain relief to consider a diagnostic
procedure to be positive: 50% vs 80% pain relief post
block. Subsequent studies demonstrated that the speci-
ficity improved by requiring 80% pain relief to secure the
diagnosis; the false-positive rate fell to 27% and the
positive-predictive value rose from 31% to 63%. How-
ever, the increase of false-negative results would lead to
withholding treatment in a group of patients who would
likely benefit from RFA of MB. Perhaps most significant

is that in almost all the prospective studies using greater
than or equal to 80% pain relief as the cutoff value,
placebo-controlled or comparative local anesthetic
blocks were used to minimize the high false-positive rate
of uncontrolled z-blocks, estimated at between 25% and
40%. The benefits of RFA are realized mostly in patients
who obtained nearly complete pain relief from diagnos-
tic blocks. The question as to what the optimal cutoff
should be before proceeding to RFA is still unknown
from a clinical point of view: withholding a definitive
treatment from someone who reports only partial pain
relief from z-blocks but is nevertheless likely to benefit
may potentially lead to misdiagnosis, increased disabil-
ity, unnecessary interventions, and amplified costs. By
contrast, performing RFA on patients who experience
partial pain relief from diagnostic blocks and are conse-
quently predisposed to treatment failure exposes them to
unnecessary risks, wastes valuable resources, and re-
duces the viability of RFA because it undermines the
very concept of the procedure.

2. Before proceeding to definitive therapy, should single or
two positive blocks be required? The high rate of false-
positive z-blocks has led numerous experts to advocate
performing 2 blocks, either using the same local anes-
thetic in both times or changing it from session to session
(lidocaine to bupivacaine). In this instance, the strin-
gency of the criteria would reflect again the rate of
false-positive vs false-negative results. Schwarzer et al
showed that a single z-joint injection resulted in a 38%
false-positive rate.17

3. The volume of injectate: in studies by Kaplan et al and
Cohen et al for lumbar z-joint and cervical z-joints,54,55

it has been shown that to minimize the spread of local
anesthetics to adjacent structures one needs to reduce the
volume of the injectate to 0.25 mL in cervical and 0.5
mL in lumbar z-joint to increase the specificity of the
MBB.

4. To address the ethical dilemma of exclusion of appro-
priate patients following a true comparative anesthetic
protocol, the approach that has become popular is the
modified comparative anesthetic protocol. With this pro-
tocol, a patient is required to have �1-2 hours of over
80% pain relief with lidocaine, and �2-3 hours of pain
relief with bupivacaine. Using this protocol, Dreyfuss et
al achieved a 90% success rate with subsequent RFA.56

MBB as a predictor of outcomes post
radiofrequency ablation of MB

The goal of diagnostic blocks is to select patients with facet
joint pain who are supposed to benefit mostly from the use
of RFA. Radiofrequency denervation of the nerves inner-
vating the z-joints has generally been considered the gold
standard to provide long-term relief of pain in these joints.
One of the crucial determinants of a successful outcome is
patient selection. Patient selection is directly related to an

appropriately performed diagnostic test.
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Shealy was the first to use RFA for denervation of the
lumbar facet joints.57 Since then, fluoroscopic-guided RFA
of the MB has been commonly used as an effective treat-
ment for chronic back pain of such type. The treatment
technique has been advanced and modified since then. Most
currently, Bodguk et al has described in detail the correct
technique as illustrated in Figure 1 based on surgical anat-
omy of the MBB in the lumbar spine.26

The predictability of RFA success by diagnostic nerve
blocks can be demonstrated by randomized controlled trials
of RFA.58-64 Leclaire et al used intra-articular injections as

diagnostic tool for patient selection. Significant relief of
ow back pain for at least 24 hours during the week after
ntra-articular facet steroid injections was considered posi-
ive for facet pain. This was a heterogeneous group of
atients due to the weak selection criteria (conforming to
urrent understanding) who may not have had facet joint
ain. Not surprisingly there was not a statistically signifi-
ant effect in the post RFA group. The lesioning techniques
ere not described well and there were no measures of real
enervation.58 Gallagher et al62 in 1994 included 60 patients
ho were selected on clinical grounds to have symptoms of

ow back pain suggestive of facet joint origin. Forty-one
atients reported improvement or were equivocal in their
esponse following injection of local anesthetic. Block tech-
ique involved an injection into and around the facet joints.
atients were randomized to undergo either radiofrequency
acet joint denervation or a sham procedure using the Shealy
echnique (invalid based on the current understanding of
urgical anatomy).26 The improvement in symptoms was

noted in patients who had a clear improvement following
diagnostic facet joint injections compared to patients who
were equivocal in their response to the diagnostic injections.
Results evaluated at 6 months were still statistically signif-
icant. In a large study evaluating RFA, van Wijk et al59

found that the only difference between the treatment and
control group at 3 months was that more RFA patients
reported a 50% or greater decrease in back pain than sham

Figure 1 Radiofrequency ablation of the L3, L4 medical branch
and B: AP view for the target). RF canules are positioned between
S1 SAP.
patients (62% vs 39%). No differences were noted in mean r
reduction in visual analog scale (VAS) pain scores, change
in analgesic intake, and functional assessments. Intra-artic-
ular facet injections were used for patient selection.

Van Kleef et al63 reported the results of 31 patients with
chronic low back pain selected on the basis of pain relief
following diagnostic blockade of the MB of the posterior
primary rami: the technique of lesion production was sim-
ilar to the technique advocated by Bodguk.26 At least 50%
ain relief following MBB was required to be eligible to
nter the study and then patients were randomized to un-
ergo either RFA or a sham procedure. Final analysis indi-
ated that results were superior in patients that had reported
omplete relief of pain with diagnostic nerve blocks com-
ared to those with only had partial relief of pain. Statistical
nalysis at 3, 6, and 12 months following treatment showed
ignificant improvement in pain and functional disability in
he treatment group.63 In a study by Kroll et al,64 the

efficacy of conventional RFA was compared to that of
pulsed radiofrequency in the treatment of lumbar facet syn-
drome. Target facet joints were identified with oblique ra-
diographic views. VAS pain assessment and Oswestry Low
Back Pain and Disability Questionnaire were administered
at baseline and then at 3 months. Patients were identified by
comparative lidocaine/bupivacaine blocks and �80% pain
relief was considered as criterion for patient selection.64

There was improvement in long-term outcomes in the treat-
ment of lumbar facet syndrome in both groups; a greater
improvement was noted within the RFA group. Tekin et al60

studied the effects of RFA and pulsed radiofrequency de-
nervation of medial branches of dorsal rami in the treatment
of facet joint pain. Patients with continuous low back pain
were selected by diagnostic blocks with 0.3 mL of lidocaine
and �50% pain relief as criterion for determining a positive
block. Pain relief was evaluated by VAS and Oswestry
Disability Index at preprocedure, at procedure, at 6 months,
and 1 year after the procedure. There was a significant
decrease in the pain score at 6 months and 1 year.60 To
tudy the possible beneficial effect of percutaneous RFA in

5 posterior branch. (A: lateral view of the RF needle positioning
hird and two thirds of the SAP at the L4and L5 and lateral to the
, and L
one t
educing pain and physical impairment in patients selected
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after repeated diagnostic blocks, Nath et al61 performed a
randomized controlled study: percutaneous RFA was con-
ducted in 40 patients with chronic low back pain (20 active
and 20 controls). Inclusion criteria were 3 separate positive
facet blocks. Three consecutive diagnostic blocks with local
anesthetics were used to select patient and �80% pain relief
was used as a clinically significant criteria.61 The active
treatment group showed statistically significant improve-
ment in back and leg pain. None of the patients had any
complication other than transient postoperative pain that
was easily managed. The 3 above-mentioned studies indi-
cate the validity of diagnostic MBB as a predictor of long-
term benefits from either mode of RFA.

Conclusions

Diagnostic MBB and intra-articular facet joint injection
with local anesthetic are valid and reliable tools to diagnose
z-joint pain. Single diagnostic blocks carry a high false-
positive rate. Therefore, to be valid, they have to be con-
trolled. Comparative local anesthetics have been used in the
past but doubts have been raised about their validity; even
comparative nerve blocks have still substantial false-posi-
tive rates. In the study by Cohen et al,65 64% of the patients
reated after 2 diagnostic blocks and 39% of the patients
reated after 1 block had successful outcome. Algorithms for
ppropriate use of blocks have been described; however,
etter validation is necessary. The goal of diagnostic blocks
s to select patients with facet joint pain who are supposed
o benefit mostly from the use of radiofrequency facet de-
ervation. Performing 2 diagnostic blocks would decrease
he false-positive rate, but unfortunately the false-negative
ate will increase, thus increasing the risk of withholding an
ctive treatment from patients. Moreover, aberrant MB in-
ervations demonstrated in 11% of patients66,67 pose an
dditional risk for false-negative blocks. The second con-
ern is related to the balance of the burden of multiple
nterventions vs the potential benefit.

Diagnostic facet joint blocks are safe, valid, and reliable.
ased on review of available studies, there is strong evi-
ence that controlled diagnostic blocks distinguish painful
rom painless facet joints in the diagnostic workup of
hronic spinal pain and are good predictors of the success of
B RFA and long-term pain relief.
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